We isolated eight polymorphic microsatellites from the neotropical tree Luehea seemannii for gene flow and genetic structure studies. We used a streptavidin subtractive enrichment technique to develop a library of CA/GT repeats. Eight loci were screened for diversity from 96 individuals from Barro Colorado Island (BCI) and neighbouring Gigante peninsula in Panama. Luehea seemannii shows moderate levels of genetic diversity within these two populations. Allelic richness ranged from four to nine alleles and averaged 6.44 alleles per locus. Average expected heterozygosity was 0.65 on BCI and 0.60 on Gigante. Results are compared to microsatellite data from another wind-dispersed gap colonizing species common in Panama.
Nuclear microsatellite markers have been shown to be useful in studies of population genetic structure and gene flow on small and large scales (Chase et al . 1996; Zhang & Hewitt 2003) . Direct studies of gene flow via seed and pollen within large natural populations require markers with a large number of alleles and with high heterozygosities to assign parentage unambiguously. As part of a larger effort to understand population genetic patterns on local and regional scales in tropical trees, we isolated and characterized eight microsatellite loci in Luehea seemannii for use in direct studies of seed and pollen movement within a large mapped tropical forest census plot on Barro Colorado Island (BCI), Panama and for surveys of genetic diversity from populations across the Isthmus of Panama.
Luehea seemannii Tr. & Planch. (Tiliaceae) is a large, lightdemanding canopy tree, common in young forest and roadsides in the Panama Canal watershed (Croat 1978) and in tree fall gaps in old growth forest (Dalling et al . 2002) . It is a characteristic tree of tropical moist forest throughout Panama and from dry and wet forests in Costa Rica. It produces small white and yellow flowers that are pollinated by a large variety of insects (Haber & Frankie 1982) and many small (6 -10 mm long) winged seeds in five-lobed oblong capsules (Croat 1978) . A long-term study of seed rain on BCI has shown L. seemannii to be among the most widely dispersed gap colonist species within the forest (Dalling et al . 2002) . Bawa et al . (1985) list L. seemannii as self-incompatible, whereas Haber & Frankie (1982) show it to be partially to fully self-compatible, in response, perhaps, to lower pollinator abundance due to lower levels of rainfall at the edge of its range in Costa Rica.
We used a hybridization selection method (Kandpal et al . 1994; Kijas et al . 1994; Jones & Hubbell 2003) to create an enriched CA repeat library for L. seemannii . Genomic DNA was extracted from adult leaves using a standard cetyltrimethyl ammonium bromide (CTAB) extraction method (Doyle & Doyle 1990) . Genomic DNA was restricted using Sau 3AI enzymes and size fractionation was done using ChromaSpin columns (Clontech Laboratories) to isolate fragments larger than 400 bp. Sau 3AI linkers were ligated to the fragments and again run through the ChromaSpin column to remove excess linkers. Fragments with linkers were then used to create a whole genome polymerase chain reaction (PCR) library using the following reaction: 1 × PCR buffer, 1.5 m m MgCl 2 , 15 µ L of purified ligation reaction, 100 µ m each dNTP, 0.5 µ m Sau 3AI primer, and 2.5 units of Taq polymerase (Sigma) in a total reaction vol. of 100 µ L. Cycle conditions consisted of 3 min at 94 ° C, followed by 25 cycles for 1 min at 94 ° C, Table 1 Locus name, primer sequences, optimal annealing temperature ( T ), repeat motif, allele size range, number of individuals genotyped ( n ), number of alleles observed ( k ), observed heterozygosity ( H O ), expected heterozygosity ( H E ), and F -statistics for Barro Colorado Island (BCI) and Gigante peninsula (GIG) populations, and GenBank Accession number for eight Luehea seemannii microsatellite loci
Locus
Primer sequences 1 min at 68 ° C, 2 min at 72 ° C and a final elongation step of 10 min. Selective hybridization was carried out using Vectrex Avidin D (Vector Laboratories) and a biotinylated probe [5 ′ -(CA) 15 TATAAGATA-Biotin]. The enriched library was then checked via serial dilution and chemiluminescent detection system using the above biotinylated probe to detect the success of the enrichment technique. A second PCR reaction was carried out on the enriched library to increase the copy number of fragments containing microsatellite repeats. One microlitre of this PCR product was then ligated into TOPO TA plasmid vector (Invitrogen) and transformed into E. coli according to the manufacturer's protocol.
Colony lifts were screened using the (CA) 15 probe and the Phototope chemiluminescent detection system (New England Biolabs). Sixteen colonies that showed strong hybridization signals were sequenced using the BigDye Terminator Kit (Applied Biosystems) according to the manufacturer's protocol with the T7 primer and electrophoresed on an ABI 3700 capillary electrophoresis sequencer (Applied Biosystems). Sequences were aligned and contigs created using sequencher (GeneCodes).
Primers were designed for 12 repeat regions using Primer3 web-based software (http://www-genome.wi.mit.edu/ cgibin/primer/primer3_http://www.cgi) and synthesized (IDT Technologies). Total genomic DNA was isolated from adult tissue using a standard CTAB method (Doyle & Doyle 1990 ) and extractions were further diluted 1:5 with deionized water for PCR reactions. PCR reactions for annealing temperature and MgCl 2 optimization experiments and all subsequent genotyping reactions contained 1 µL of template DNA, 1 × GeneAmp buffer II, 3.0 mm of MgCl 2 , 0.2 µm of each dNTP, 0.125 µm of forward and reverse primers each, and 0.5 units of AmpliTaq DNA polymerase (Applied Biosystems) for a total vol. of 10 µL per reaction. Cycling conditions consisted of 7 min at 95 °C, followed by 30 s at 95 °C, 30 s at annealing temperature (Table 1) , a 72 °C extension for 30 s, and a final extension at 72 °C for 5 min on an Eppendorf Master Cycler (Eppendorf). Fluorescently labelled reverse primers (6-FAM, HEX, IDT Technologies, and NED, Applied Biosystems) were then synthesized for those primer pairs that amplified product within the range of the cloned repeat.
Genotypic data were collected from 66 adult individuals from the BCI 50-ha Forest Dynamics Plot and from 30 adults from a population on the neighbouring Gigante peninsula. After PCR amplification, 1 µL of pooled PCR product from up to three loci was combined with 5 µL of loading solution (4.75 µL of HiDi formamide and 0.25 µL of 400HD ROX size standard, Applied Biosystems). Samples were electrophoresed on an ABI 3700 capillary electrophoresis machine and loci were scored in GeneScan 3.7 and Genotyper 3.6 (Applied Biosystems).
Allele frequencies were examined first in cervus 2.0 (Marshall et al. 1998) Deviations from Hardy-Weinberg equilibrium and evidence of linkage disequilibrium among loci were further explored in genepop (version 3.3, http:// wbiomed.curtin.edu.au/genepop/; Raymond & Rousset 1995) using the probability test with default values (option 2 and 3). F-statistics are reported according to the method of Weir & Cockerham (1984) . Allelic richness ranged from four alleles in locus LEUS2 to nine alleles in LEUS17 and averaged 6.44 alleles per locus (Table 1) . Loci showed a large range of observed levels of heterozygosity (Table 1) , ranging from 0.16 in locus LEUS88 on BCI to 0.796 in locus LEUS11 on BCI. The average expected heterozygosity from the BCI and Gigante populations was 0.647 and 0.595, respectively. The total exclusionary power across all loci in a parentage analysis was 0.932 for the first parent and 0.993 for the second parent. F-statistics show that three loci, LEUS2, LEUS7, and LEUS88 show significant departures from Hardy-Weinberg expected values within the BCI population and LEUS88 shows significant departure from HW on Gigante (Table 1 ). All departures from equilibrium indicate heterozygote deficit. Most genetic diversity appears to be partitioned within populations (Table 1) . No evidence for linkage disequilibrium was found between loci at P < 0.01.
Luehea seemannii shows a lower average number of alleles per locus and less genetic diversity within the BCI population than does Jacaranda copaia, another gap-colonist from BCI with winged seeds (Jones & Hubbell 2003) . Ten microsatellite loci isolated from J. copaia averaged twice the number of alleles per locus, as well as showed 25% greater observed heterozygosity than these eight L. seemannii loci. Regardless, these eight markers will be useful for studies of the movement of genes within the BCI population and in genetic diversity surveys in Panama and elsewhere.
